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Abstract 
The technology of amine-based carbon dioxide (CO2) capture has been widely adopted for reducing CO2 emissions and 
mitigating global warming.  The operation of an amine-based CO2 capture system is complicated and involves monitoring over 
one hundred process parameters and careful manipulation of numerous valves and pumps. The monitoring and control of critical 
parameters of the process is an important task because it directly impacts plant performance and capture efficiency of CO2.  In 
this study, artificial intelligence techniques were applied to develop a knowledge-based expert system that aims to effectively
monitor and control the CO2 capture process, and thereby enhance CO2 capture efficiency. The Knowledge-Based System for 
Carbon Dioxide Capture (KBSCDC) was implemented with DeltaV Simulate (trademark of Emerson Corp., USA). DeltaV 
Simulate provides control utilities and algorithms which support the configuration of control strategies in modular components.
The KBSCDC can conduct real-time monitoring and diagnosis, as well as suggest remedies for any abnormality detected. Also, 
the control strategies applied to the control devices of the process are simulated in KBSCDC. The expert system enhances 
performance and efficiency of the CO2 capture system because it supports automated diagnosis of the system should any 
abnormal conditions occur.  In developing the system, the Inferential Modeling Technique (IMT) was applied to analyze the 
domain knowledge and problem-solving techniques. The knowledge base of KBSCDC can be shared and reused, and can 
contribute to future study of the CO2 capture process. 
© 2010 Published by Elsevier Ltd. 
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1. Introduction 
The amine-based CO2 capture process has become a common method for CO2 removal.  Operation of an amine-
based CO2 capture system is a complicated task because it involves monitoring over one hundred parameters and 
manipulation of a number of valves/pumps. Since monitoring and control of the critical parameters in operation of 
the CO2 capture is extremely complex, it is desirable to build a knowledge-based system that can automatically 
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monitor, control, and diagnose the CO2 capture process.  The objective of the research is to build a knowledge-based 
expert system that can monitor, control, and diagnose the CO2 capture processes at the International Test Centre for 
CO2 Capture (ITC) located at the University of Regina in Saskatchewan, Canada.  
The system is called the Knowledge-Based System for Carbon Dioxide Capture (KBSCDC). The KBSCDC 
system can help the operator monitor the operating conditions of the CO2 capture pilot plant by continuously 
comparing the measured values from sensors with normal or desired values. Plant components that have abnormal 
parameter values indicate that abnormal operating conditions have occurred. Deviations from the normal ranges 
would set off an alarm to advise the operator that a problem has occurred. The KBSCDC can conduct real-time 
monitoring and diagnosis, as well as suggest remedies for any abnormality detected, thereby improving the 
performance efficiency of the plant. This knowledge-based expert system was implemented with DeltaV Simulate 
(trademark of Emerson Corp., USA). 
The paper is organized as follows: Section 2 presents the background literature relevant to the amine-based CO2
capture technology at ITC. Section 3 describes the process of development of the knowledge base. Section 4 
presents design of the system on DeltaV Simulate. Application of the system is demonstrated using a case study in 
Section 5. Section 6 gives a conclusion and includes some discussion about future work.  
2. Background Literature Review 
2.1. Studies of amine-based CO2 capture process 
 The study of amine-based CO2 capture has been ongoing for the last decade. The general objective of the study 
is to improve effectiveness and efficiency of the CO2 capture process. The research has been primarily conducted in 
the following two areas: (1) Study of the behaviour of the conventional amine solvents and development of new or 
improved solvents with higher CO2 absorption capacities, faster CO2 reaction rates, higher degradation resistance, 
and lower heat consumption for regeneration [1-4], and (2) Selection of appropriate solvents for different 
applications to reduce the energy penalty [5-7]. However, work on application of artificial intelligence technologies 
to the CO2 capture domain is scarce. Since operation of a CO2 capture system is extremely complicated, the process 
operators have accumulated significant knowledge and problem-solving skills over time. This experience is 
exclusive and hard to develop, and it is desirable to encode the human expertise into an expert system for 
documentation and training purposes. Therefore, the objective of this study is to develop a knowledge-based expert 
system for monitoring and control of the CO2 capture process. Such a research study would help fill the gaps in the 
past research. 
2.2. Amine-based CO2 capture process at ITC
The process of amine-based CO2 capture at the International Test Centre for CO2 capture (ITC) can be briefly 
described as follows: prior to CO2 capture, the flue gas is cooled down and particulates and other impurities such as 
SOx and NOx are removed as much as possible. The pre-treated flue gas is injected into the absorber and counter-
currently contacts the lean amine solvent. The amine selectively absorbs CO2 from the flue gas. The amine solvent 
carrying CO2, which is called CO2-rich or rich amine, enters the stripper column, where the CO2 is extracted from 
the amine solvent and the lean amine solvent is regenerated. The lean amine solvent is returned to the absorber 
column and used in the CO2 removal process again. The CO2 capture process is depicted in Figure 1. 
Fig. 1. Amine-based CO2 capture process flow diagram 
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3. Development of a Knowledge Base 
The knowledge base in this study was developed in three phases:  knowledge acquisition, knowledge analysis, 
and knowledge representation. In the process of knowledge acquisition, the first author acted as the knowledge 
engineer and interacted with the domain expert in ITC, to acquire knowledge about problem-solving in the domain.  
During the phases of knowledge analysis and representation, the knowledge engineer analyzed the verbal 
information collected from the expert and configured them into a conceptual model. The Inferential Modeling 
Technique (IMT) [8, 9] was applied in knowledge analysis and the knowledge was decomposed into the two levels 
of domain knowledge and task knowledge. 
3.1. Domain knowledge 
Domain knowledge includes three components: the objects, their attributes, and values related to the attributes. 
The objects in the plant can be classified into two categories: static and dynamic. The static objects include the 
constructive components of the plant, which can be divided into the three classes of reaction instruments, valves, 
and pumps. The dynamic objects include the substances that circulate and react in the plant, i.e., the water, amine 
solvent, and gases. The classification of objects is shown in Figure 2, and the details are described in the following 
sections. 
Fig. 2. Objects in CO2 Capture Plant 
3.1.1 Static objects and their attributes 
There are three kinds of static objects and they are discussed below. 
There are 16 primary reaction instruments involved in the plant: steam boiler, micro turbine, inlet-gas scrubber, 
absorber, off-gas scrubber, lean amine storage tank, lean amine cooler, rich amine vessel, lean/rich amine exchanger, 
stripper, reboiler, reclaimer, reflux condenser, reflux accumulator, CO2 wash scrubber, and CO2 dryer unit. The 
attributes of the reaction instruments include the temperature, pressure, or level of the instruments and the attributes 
of their output dynamic objects.  
The valves can be categorized into two types based on their control mechanism: PID (proportional-integral-
derivative) control valves and solenoid valves. All the PID control valves in the plant can be identified by five 
attributes: (1) tag number, (2) name, (3) type, (4) location, and (5) distribution flow. All the solenoid valves can be 
identified by the additional attribute of status, which describes their ON/OFF state under normal conditions.  
Like solenoid valves, all the PID control valves in the plant can be identified by the six attributes of tag number, 
name, type, location, distribution flow, and status. A sample valve is given in Table 1. 
Table 1. Sample of valve 
CO2 Capture Plant 
  Static Objects 
Water
Dynamic Objects
Reaction Instruments Gases 
PumpsValves Solvent
Flue Gas Off Gas CO2 Steam
Rich 
Amine
Lean
Amine 
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Tag Name Type Distribute 
Flow
Location Status 
FCV-600 Lean amine to 
Absorber control 
valve
PID control   
valve 
Amine solvent Between Absorber 
and Lean amine 
storage tank 
N/A 
3.1.2. Dynamic objects and their attributes 
The dynamic objects include amine solvent, water, and gas. The amine solvent can be classified into lean amine 
and rich amine based on the amount of CO2 it carries. The gases include flue gas (with CO2), off gas (free of CO2),
CO2, and steam. All the dynamic objects can be specified by the three attributes of temperature, pressure, and flow 
rate. The knowledge engineer classified the attributes of the dynamic components with the attributes of the reaction 
instrument from which they flow. The values of these attributes, i.e., process parameters, are monitored by the 
system so that if any abnormal value is detected, the relevant pump/valves will be manipulated to remedy the 
abnormal conditions.   
3.2.Task knowledge 
The objective of the KBSCDC is to monitor all the reaction instruments and ensure they operate under desirable 
conditions. The task of monitoring each reaction instrument includes the subtasks of monitoring its related attributes, 
i.e., process parameters.  For example, controlling the wash water flow rate (FT-420) is one of the subtasks of 
monitoring of the inlet-gas scrubber. The desirable operating ranges of the process parameter FT-420 are identified. 
If the values should be outside the specified normal ranges, the diagnosis and remedial control actions are 
determined by the specific condition in each case.  One sample diagnosis and control action for parameter FT-420 is 
given in Table 2.  
 Table 2. Diagnosis and control strategies for sample parameter of inlet-gas scrubber 
Object      Task        Conditions Diagnosis and Controlling Actions 
Inlet-Gas 
Scrubber
Control 
wash water 
flow rate 
(FT-420) 
5.0kg/min<= 
FT-420<= 
37.0kg/min 
Normal Operation 
No action taken 
FT420
<5.0kg/m
Warning is given 
Diagnosis:
   The wash water flow to water tank is low or stopped by 
the closed water circulation pump-420 
Remedial Control Action: 
Open P-420 to restart water circulation between water 
tank and scrubber; otherwise, 
open up FCV-420 to increase volume of water returning to 
water tank if P-420 is open;   
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4. System Design and Implementation 
The expert system in this study was implemented on DeltaV Simulate (trademark of Emerson Corp., USA). The 
hierarchy of the DeltaV system includes five levels: plant area (level 1), module (level 2), algorithm (level 3), 
function block (level 4), and parameter (level 5).  The plant areas are logical divisions of the process control system.  
A plant area consists of modules. Each module is a logic control entity to configure the control strategies. Function 
block diagrams (FBD) were used to continuously execute control strategies. The basic component of a FBD is a 
function block, which contains the control algorithm and defines the behaviour of the module. Each function block 
contains parameters that are the user-defined data utilized for performing its calculations and logic.       
The five-level hierarchy of the DeltaV system supports a top-down approach for encoding knowledge into 
DeltaV Simulate. Sample components of each level are given in Figure 3, which illustrates components in the 
system construction on DeltaV Simulate and the details are described below.  
Three sample plant areas include the stripper, inlet-gas scrubber, and absorber; more details on the inlet-gas 
scrubber are given as an example to illustrate how a plant area is constructed.  The plant area of inlet-gas scrubber 
contains eight modules. Four of these are PID valve control modules for the process parameters of: (1) flue gas flow 
rate into absorber (FC-200), (2) inlet-gas scrubber water level control (LC-410), (3) temperature of flue gas to 
absorber (TC-201), and (4) wash water flow rate (FC-420). The other four are 2-state control modules for the pumps 
and solenoid valves of:  (1) flue gas blower (B-200), (2) make up water control valve (EV-300), (3) wash water 
control valve (EV-420), and (4) wash water pump (P-420). The algorithm used in the module of wash water flow 
rate into absorber (FC-420) is implemented as a function block diagram, which consists of the function blocks of 
data input simulation, data output simulation, and primarily a PID control function. The PID control function block 
contains the most important parameters, which include the set-point of the PID control and alarm activation limits, 
whose variable names in the system are HIGH_LIMIT and LOW_LIMIT.   
Fig.3. Implemented hierarchy of the KBSCDC in DeltaV Simulate 
Plant
Stripper AbsorberInlet-Gas 
Scrubber
LC-410 P-420FC-200 
Function Block Diagram
PID ControlData Input 
Simulation 
Data Output 
Simulation 
HIGH_ 
LIMIT
LOW_
LIMIT
SP 
(Setpoint) 
Plant Area 
Algorithm 
Function 
    Block 
Parameter 
TC-201 B-200FC-420 EV-300
Module 
EV-420
…..
DeltaV Hierarchy 
…..
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5. Case Study  
Figure 4 describes a scenario in which the inlet-gas scrubber wash water flow rate (FT-420) is in an abnormal 
state. The current value of FT-420 is 3.2kg/min, which is lower than its low limit (i.e. 5kg/min). The alarm is 
activated and displayed on the interface. The diagnosis and control suggestions are sent to a message board on the 
user interface: “If P-420 is on, open up FCV-420 to increase water returning from the scrubber to water tank; if P-
420 is off, turn off P-420.”  The green colour of pump P-420 indicates its open status. Therefore, the remedial 
control action needs be applied on the PID control valve FCV-420. By pushing the module control button of FT-420, 
the faceplate for FT-420, named FC-420, is displayed on the user interface, as shown in Figure 5. The faceplate 
mainly contains two bar graphs. On the right is the PV (present value) bar graph, which indicates the present value 
of FT-420. The two yellow arrowheads vertically positioned relative to the PV bar graph indicate the high and low 
alarm limits of the present value. The large, white arrowhead is the set-point (SP) slider. To reset the set-point, the 
slider is moved up to a desired set-point value (25.0kg/min), which brings the present value of FT-420 to the normal 
operating range of between 5.0kg/min and 37.0kg/min. On the top of the PV bar graph is displayed the new present 
value of FT-420, which is 23.8kg/min. The output bar graph on the left indicates the output value of the PID loop. 
On the top is displayed the output value of FC-420, which indicates the valve position of FCV-420 is 26.2% open. 
Fig. 4. Interface of case study 
Figure 5. Faceplate for control FT-420 
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6.  Discussion and Conclusions 
To develop the knowledge-based expert system for monitoring and control of the CO2 capture process, the 
Inferential Modeling Technique (IMT) was applied to analyze the domain knowledge and problem-solving 
techniques and a knowledge base was established. The expert system helps to enhance system performance and CO2
capture efficiency by dramatically reducing the time for problem diagnosis and resolution when abnormal operating 
conditions occur. The expert system can be used as a decision-support tool for inexperienced operators for 
controlling the plant and can be used for training novice operators. The knowledge base can be extended with future 
refinement or updates. There are two disadvantages in the expert system in its current version. Since there are 
sixteen components involved in the CO2 capture process, an abnormal condition can be caused by incorrect 
performance of more than one component or parameter. However, the system in its current version can only deal 
with abnormal operation of one component at a time. Moreover, the knowledge captured for the diagnosis and 
system control represents the problem-solving expertise of only one expert operator. It is likely that other senior 
operators would perform problem solving in a different manner. To address the two disadvantages, future research 
work will focus on enabling control of multiple faulty components or parameters and integrating expertise from 
additional operators to improve the capability and reliability of the system. 
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